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Mitochondria proliferate by growth and partition during every cell-division cycle. Recently, Kashatus et al.
(2011) reported that Aurora A kinase regulates the small GTPase RalA to mediate mitochondrial fission.
This work illuminates the molecular mechanism behind mitochondrial inheritance in mammals and extends
the functional repertoire of a key mitotic regulator.Mitochondria are essential organelles
that provide energy in the form of ATP
to sustain cellular metabolic processes.
Additionally, mitochondria are directly
involved in metabolic reactions and aging
and are key regulators of apoptosis.
Under the electron microscope, mito-
chondria look like bean-shaped double-
membrane organelles with cristae
deriving from the internal membrane.
However, this classic textbook vision is
misleading since live-cell studies showed
that mitochondria are highly dynamic and
plastic and have the capacity to fuse and
form large interconnected networks,
which fragment by fission during every
cell division (Westermann, 2010). In fact,
because of the stochastic nature of mito-
chondria segregation, the smaller and
more abundant the mitochondria are,
the more they are likely to be equitably
distributed into daughter cells (Figure 1A).
The molecular machinery behind mito-
chondrial dynamics involves more than
20 different proteins, many of which are
evolutionary conserved. Curiously, de-
spite the fact that mitochondria have their
own genome, all these proteins are en-
coded by genes in the nucleus. Mitochon-
drial fission in particular requires a large
GTPase called dynamin-related protein 1
(DRP1; Dnm1 in yeast), which oligomer-
izes and is thought to form spirals that
wrap the organelle at the fission site and
bud-off short mitochondria as a result
of GTP hydrolysis (Westermann, 2010).
This process is well understood in yeast,
where the proteins Mdv1 or its paralogue
Caf4 bind to the mitochondrial outer
membrane protein Fis1 and nucleate the
assembly of Dnm1-GTP oligomers. Mam-
mals (and metazoans in general), how-
ever, appear to lackMdv1/Caf4 homologsand the functional relationship between
FIS1 and DRP1 in mitochondrial fission
is less clear. Alternatively, mammals ex-
press a distinct fission factor called MFF
(not present in yeast), which directs the
recruitment of DRP1 to the mitochondrial
outer membrane, independently of FIS1,
which is largely dispensable for this pro-
cess in metazoans (Otera et al., 2010).
Thus, mitochondrial fission in higher eu-
karyotes requires specific factors and
may involve additional/redundant path-
ways responsible for DRP1 recruitment.
In a recentwork published inNatureCell
Biology (Kashatus et al., 2011), Kashatus
and colleagues reported two new fac-
tors required for mitochondrial fission
in mammals, the small Ras-like GTPase
RalA and its effector, RalBP1. By means
of expression of Aurora A, RalA, RalBP1,
and DRP1 mutants, combined with RNAi-
mediated knockdown and rescue experi-
ments, these authors build on previous
work by the same group to show that
Aurora A phosphorylation on S194 relo-
cates RalA from the plasma membrane
to the mitochondrial outer membrane,
while promoting the recruitment and acti-
vation of its effector, RalBP1, and down-
stream components of the mitochondrial
fission machinery during mitosis (Fig-
ure 1B). Phosphorylation of RalA on S194
was originally identified in a screen for
new Aurora A substrates (Wu et al., 2005)
and is now shown to be required for mito-
chondria fragmentation. Accordingly, ex-
pression of a constitutively active Aurora A
mutant led to the formation of small punc-
tate or circular mitochondria, whereas
the expression of a kinase-dead Aurora A
formed long, interconnected mitochon-
drial networks. Cells expressing a S194D
phosphomimetic RalA mutant showedDevelopmental Cell 21, Sepunctate mitochondria, while the S194A
phosphonull mutant had long mitochon-
dria. RalA phosphorylation on S194
signals for mitochondria fragmentation
by bringing RalBP1 and the large GTPase
DRP1 tomitochondria. RalA phosphoryla-
tion by Aurora A occurs specifically during
mitosis, establishing the first connection
between Aurora A activity and organelle
partition.
Like Aurora A, Cyclin B/CDK1 was also
previously shown to phosphorylate S616
on DRP1 during mitosis, which is required
for its recruitment to mitochondria (Tagu-
chi et al., 2007). Kashatus and colleagues
(2011) now show that RalBP1 interacts
with cyclin B, bringing DRP1 to close
proximity of CDK1 in order to be phos-
phorylated on S616. Interestingly, RalBP1
was independently shown to be phos-
phorylated during mitosis on S33, a con-
sensus phosphorylation site for CDK1
(Dephoure et al., 2008), which might
represent an additional regulatory step
behind mitochondrial fission during cell
division. The picture gets completed
when the authors show that MFF (Otera
et al., 2010) but not FIS1 is an upstream
factor that promotes mitochondrial re-
cruitment of RalBP1 and DRP1. Overall,
these data support an alternative FIS1-
independent route for recruitment of the
mitochondrial fission machinery during
mitosis in mammals (Figure 1B).
Aurora A is normally associated with
centrosomal function, but roles in spindle
assembly and cytokinesis have been
reported (Marumoto et al., 2003). Inter-
estingly, RalA or RalBP1 RNAi pre-
vented mitochondrial fission, leading to
the prevalence of long interconnected
bridges and unequal partitioning of
mitochondria between daughter cells,ptember 13, 2011 ª2011 Elsevier Inc. 387
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Figure 1. Regulation of Mitochondrial Fission by Aurora A-Mediated Phosphorylation of
RalA during Cell Division
(A) Electron micrograph of a dividing HeLa cell in telophase. Chromosomes and midbody are represented
as themore electrondense structures.Mitochondria were pseudocolored in blue. The scale bar represents
2 mm. (B) Schematic representation of RalA phosphorylation pathway by Aurora A; this pathway signals for
mitochondrial fission during mitosis.
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tion (Kashatus et al., 2011). Although no
causal relationship was established,
some RalA or RalBP1-depleted cells
failed cytokinesis, possibly at the abscis-
sion step (Chen et al., 2006). A parallel
with the recently reported abscission
checkpoint that monitors the presence
of chromosomal bridges during cytoki-
nesis is inevitable, but in this case the
sensor at the midbody was proposed to
be Aurora B (Steigemann et al., 2009). It
will be interesting in the future for
researchers to test whether a similar
surveillance mechanism controls mito-
chondria partition and the potential roles
of Aurora A and B in this process. More-
over, since S194 on RalA is specifically388 Developmental Cell 21, September 13, 20dephosphorylated by PP2A (Sablina
et al., 2007), we speculate that it might
be involved in RalA dephosphorylation
and formation of the interconnected mito-
chondrial network during mitotic exit
(Figure 1B).
Finally, another point deserving further
investigation is the relationship between
mitochondrial fission and apoptosis. Reg-
ulation of apoptosis involves DRP1-
dependent mitochondrial fragmentation,
thereby releasing cytochrome c and other
pro-apoptotic factors, such as BAX and
BAK, into the cytosol and subsequent
activation of downstream death effectors
(Westermann, 2010). This implies that
DRP1-dependent apoptosis is inhibited
during normal mitochondrial fission at11 ª2011 Elsevier Inc.mitosis, but what prevents dividing cells
from dying during this process remains
unknown. Complete understanding of this
mechanism may prove to be a valuable
therapeutic alternative for certain human
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